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Seismic velocities and geologic logs 

at seven strong-mot ion stations that recorded the 

1989 Loma Prieta, California, earthquake, Part IV

by

James F. Gibbs and Thomas E. Fumal

INTRODUCTION

The Loma Prieta earthquake of October 17, 1989 (1704 PST) was recorded at 131 

strong-motion stations located through-out the San Francisco Bay area (Maley et al, 1989, 

Shakal, et al., 1989). This data set has enormous value for engineering and seismological 

studies regarding earthquake ground motions. Using damage to man-made structures from 

the 1906 San Francisco earthquake, Wood (in Lawson, chairman, 1908) recognized that 

ground-motion intensity could be correlated with differences in local site geology. In order 

to quantify the effect of local geology (e.g., Borcherdt, 1970; Borcherdt and Gibbs, 1976; 

Borcherdt and Glassmoyer, 1992) on ground motions from the 1989 earthquake, detailed 

geologic and geophysical data are needed. To plan the acquisition of these data a meeting 

was held on July 6, 1990 at the USGS in Menlo Park, California. Eighteen scientists and 

engineers representing thirteen institutions attended the meeting to coordinate drilling and 

data aquisition plans at strong-motion stations.

This is the forth in a series of four reports (Gibbs et al., 1992, 1993, 1994) detailing the 

results of borehole measurements at strong-motion stations recording significant ground 

motions during the 1989 Loma Prieta earthquake. This report contains the results of 

the field effort by the USGS for the following seven boreholes located near strong-motion 

stations operated by the U.S. Geological Survey (Figure 1).

1. Anderson Dam (downstream)
2. Calaveras Reservoir
3. C aliens Ranch
4. Hollister Airport
5. Sunol Fire Station
6. Williams Ranch
7. Webb Ranch
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FIELD MEASUREMENTS 

Drilling and Sampling Procedures

Boreholes were located as close as possible to the accelerograph stations that recorded 

the strong-motion from the Loma Prieta Earthquake. In the case of Anderson Dam, 

Calaveras Reservoir, Sunol Fire Station, and Webb Ranch the boreholes were drilled ap­ 

proximately 30 meters from the strong-motion instrument. Callens Ranch and Hollister 

Airport borehole were located within 20 meters of the instrument and Williams Ranch 

borehole was within 10 meters of the strong-motion accelerograph.

At each site a hole approximately 6 to 10 inches in diameter was drilled using rotary- 

wash drilling with bentonite mud. For purposes of economy, samples were not taken in 

any of the boreholes.

The borings at all stations in this report were cased with 3-inch inside-diameter, class 

200, polyvinyl-chloride pipe capped at the bottom.

The annular space around the casing was tremie grouted by pumping a water-cement- 

bentonite mixture through a 1-inch steel pipe inserted next to the casing. This provides 

good coupling between the casing and the wall of the borehole, and provides a sanitary seal 

preventing contamination of ground water. Grouting was done in stages of about 50-60 

meters to prevent collapse of the casing. 

Geologic Logs

Geologic logs are based on descriptions of drill cuttings, samples, reaction of the 

drill rig, and inspection of nearby outcrops. Sediment samples are described using the 

field techniques of the Soil Conservation Service (1951). Descriptions include sediment 

texture, color, and the amount and size of coarse fragments. Texture refers to the relative 

proportions of clay, silt, and sand particles less than 2 millimeters in diameter. This is 

determined visually and by feel without using laboratory tests. As such, this system is 

easier to use in the field than other classification systems. The dominant color of the 

sediment and prominent mottles are determined from the Munsell soil color charts.

Descriptions of rock samples include rock name, weathering condition, color, grain 

size, hardness, and fracture spacing. Classifications of rock hardness and fracture spacing 

are those used by Ellen et al., (1972) in describing hillside materials in San Mateo County,



California.

Most information needed for describing relatively well-sorted soils and such properties 

of rock as lithology, color, and hardness are readily obtained from cuttings. Inspection of 

samples and nearby outcrops is necessary for determining the nature of poorly-sorted ma­ 

terials and fracture spacing. Reaction of the drill rig is useful in determining approximate 

sediment texture and in determining degree of fracturing because the rate of penetration 

in rock is highest for very closely fractured and crushed materials and drilling roughness 

generally is at a maximum in closely to moderately fractured rock. In-situ consistency 

of soil is determined largely from standard penetration measurements and rate of drill 

penetration. 

S- and P-wave Data

Shear waves * were generated at the ground surface by an air-powered horizontal 

hammer (Liu, et al., 1988) striking anvils attached to the ends of a 2.3-meter-long aluminum 

channel. The hammer can be driven in both horizontal directions to generate positive and 

negative shear pulses. The switch that determines zero time is a piezo-electric sensor 

attached to the shear source. The source is offset from the borehole to prevent the direct 

arrival from traveling down the grout next to the casing. The source offset is 2 to 5 meters 

depending on the depth of the borehole. Shallow holes (30 meters or less) are generally 

offset 2 meters, while boreholes deeper than approximately 100 meters are offset 5 meters. 

Travel times are corrected (for slant.offset) to vertical by the cosine of the angle of ray 

incidence.

P-waves are made by striking a steel plate with a sledge hammer at the same intervals 

described above. The recorder is triggered by the sledge hammer making electrical contact 

with the steel plate.

Measurements are made by lowering a single three-component geophone into the bore­ 

hole and clamping it to the casing-wall with an electrically-actuated lever arm. A second 

three-component geophone is placed at the surface approximately 30 centimeters from the 

shear source and is used as a check of the zero time determined by the triggering of the

* In this report S-wave and shear-wave are used interchangeably as well as P-wave and 

compressional-wave.



recorder by the contact switch. After the measurement at the bottom of the borehole all 

measurements for this group of stations were made at 2.5 meter intervals. The data are 

recorded on magnetic tape cassettes in digital form on a twelve-channel recording system.

DATA INTERPRETATION and PROCESSING

The flow-chart, Figure 2, describes the processing and interpretation procedures. The 

magnetic tape cassette contains 18 recorded traces from each depth. These include data 

from the surface three component geophone and the downhole three-component geophone. 

There are a total of 6 traces for each source type (positive horizontal, negative horizontal, 

and vertical). As mentioned previously, the surface geophone is used only to check timing.

The orientation of the downhole geophone cannot be controlled when moving from 

one depth to the next, so that horizontal components are not generally oriented parallel 

and perpendicular to the source. This causes slight phase shifts, timing differences and 

amplitude variations. To minimize these effects, when timing shear-wave arrivals, the 

horizontal components are combined (rotated) to obtain a single component of motion. 

The direction of motion is determined by maximizing the integral square amplitude within 

a time interval containing the shear wave (Boatwright et al., 1986). Rotated traces are 

plotted on a 20-inch computer monitor and the first shear-wave arrival is timed for each of 

the horizontal rotated traces. Two arrival times are obtained from picks of the first S-wave 

arrival from oppositely directed horizontal impacts. Timing of the arrivals is done to one 

millisecond precision. The two time-picks are not always identical, due to interfering waves 

obscuring the first shear-arrival, slight phase shifts, or amplitude differences. If the time 

difference is greater than about 5 milliseconds a mistake in phase correlation (perhaps 

due to a reversed trace, noise etc.) can be suspected and a repick may be necessary. 

The two picks are averaged for velocity determinations. On clear traces one-millisecond 

picking accuracy can be maintained; however, because of lower signal-to-noise ratios and 

interfering waves in the deeper sections of the boreholes, this accuracy cannot always be 

achieved. In the inversion for shear-velocity the arrivals are weighted by the inverse of an 

assigned normalized variance. A normalized standard deviation of 1 was assigned to the 

accurate picks and values ranging up to 5 were assigned to the others.

For determining the final velocity model there are a number of ways to proceed. In
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our earilier work ( e.g., Gibbs et al., 1975) we determined the initial layer boundaries 

from the travel time plots by eye and then added or subtracted layers based on geologic 

boundaries consistent with the data. We also required at least three data points in each 

layer. This requirement limited the velocity determination to layers greater than 7.5 meters 

in thickness. The problem with this proceedure is that a mismatch (overlap or underlap) 

of the line segments sometimes occurred at the intersections of the layers, resulting in a 

discontinuous travel time curve. To address this problem we are now using a least-squares 

program (LFIT, Press et al., 1992) that fits the travel time data with line segments hinged 

at each selected layer boundary from the surface (forced through zero) to the bottom 

data point. Initial layer boundaries are chosen from the geologic log and are adjusted, 

if necessary, to reduce residuals and for consistency with the data. The S-wave travel 

time data are analyzed first; layer boundaries are initially the same for the P-wave model, 

and are then adjusted, if necessary, by adding a layer for the water table or reducing the 

number of layers. The velocity plots (e.g., Figure 13) show upper and lower bounds which 

approximate 68% confidence limits. These bounds are not symmetrical because they are 

based on the standard deviation of the slope of the least-squares line fit to the travel time 

plots (the inverse of the velocity).

SUMMARY OF RESULTS

S-wave velocities

Figure 3 summarizes S-wave velocities at four sites Anderson Dam, Calaveras Reser­ 

voir, Callens Ranch, and Sunol Fire Station. In general, the upper sections at Calaveras 

Reservoir, Callens Ranch and Sunol Fire Station have similar velocities in thin layering 

with varing amounts of sand-clay-loam. Anderson Dam has a slightly higher velocity from 

the surface to 2.5 and then below that a higher velocity layer (543 m/s gravely-sandy-loam) 

to 25.6 meters and a lower velocity (386 m/s mudstone) to the bottom of the borehole at 

36.2 meters. The higher velocities at Anderson Dam (543 m/s), Calaveras Reservoir (728 

m/s), Callens Ranch (1098 m/s), and Sunol Fire Station (934 m/s) are the result of de­ 

creased amounts of sand, increased gravel and cementation. The increase in texture (grain 

size) has been correlated with increasing S-wave velocity (e.g. Fumal, 1978). The average 

velocity to 35 meters (measurement at this depth in all seven boreholes) is 473 m/s, 501



0 200

S Velocity (m/sec) 
400 600 800 1000 1200

0

10-

20-

22

£
Q.

30-

40-

50-

60-

Anderson Dam

Calaveras Reservoir

Sunol Fire Station

Callens Ranch

Figure 3. S-wave velocity models superimposed for comparison. The four sites shown 
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m/s, 419 m/s, and 419 m/s for Anderson Dam, Calaveras Reservoir, Callens Ranch, and 

Sunol Fire Station, respectively.

Figure 4 summarizes the S-wave velocities at Hollister Airport, Webb Ranch, and 

Williams Ranch. The lithology of this group, in general, has less gravel content in the 

layering and therefore have lower average velocities than those of Figure 3. The average 

velocity to 35 meters is 223 m/s, 323 m/s, and 327 m/s for Hollister Airport, Webb Ranch, 

and Williams Ranch, respectively. 

P-wave velocities

Figures 5 and 6 summarize the P-wave velocities at the seven sites of this report. 

There is a poorer correlation between P-wave velocity and lithology than between S-wave 

velocity and lithology because P-wave velocity is strongly affected by degree of saturation. 

The saturation level (water table) in unconsolidated sediments is sometimes indicated by 

an increase in P-wave velocity to near 1500 m/s. This is not always true as trapped gas 

(e.g. the presence of air, methane from decaying organic matter) can reduce the P-wave 

velocity below 1500 m/s even when the formation is saturated (Brandt, 1960).

APPENDIX

The appendix lists the detailed results, organized alphabetically by borehole. Figures

and tables for each site are arranged in the following order:

1. location map
2. geologic log
3. record sections
4. time-depth graph
5. velocity profiles
6. velocity tables
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et a!., 1972)

hard   hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et a!., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger panicles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

% *
HKClxT MNO

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 +3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P   Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 8. Explanation of geologic logs.
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SITE: ANDERSON DAM DOWNSTREAM DATE: 2-14-91

ID U_

UJ 
_j
Q_ LU 
S 0- 
< >- 
CO h-

GRAPHIC 

LOG Q_ 
LU 
Q

LATITUDE: 37 09.845 

LONGITUDE: 121 37.888

DESCRIPTION

-100

H20

31-

32-

33-

35-

36-

H GRAVELLLY SANDY LOAM, dk. brown (10YR 3/3) 

^""^ANDY CLAY LOAM, fine gravelly

^-lO 3""^T3RAVEL, v. dk. grayish brown (10YR 3/2), moderately well sorted 

"GRAVELLY SANDY LOAM, brown (10YR 4/3), poorly sorted
0"~

~20 u GRAVELLY SANDY CLAY LOAM, poorly sorted, v. dense
7-

8-

-30

, /in  - GRAVELLY SANDY LOAM . 4U

olive brown (2.5Y 4/4)
14- 

16-\

"~^0 olive (5Y 4/3), v. dense, v. poorly sorted
f&~

20-

h70
22-

23-

inn *-' dk - grayish brown (2.5Y 4/2), poorly sorted ~t)U
25-

26-

MUDSTONE, olive (5Y 4/3), firm
-90 '_

yellowish brown (10YR 3/4)

Figure 9. Geologic log of Anderson Dam borehole.
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Figure 13. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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UNITED STATES CALAVERAS RESERVOIR QUADRANGLE
DEPARTMENT OF THE INTERIOR CALIFORNIA

GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)

CALAVERAS RESERVOIR
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figure 15. Site location map for Calaveras Reservoir borehole.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen ct al., 1972}

hard - hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972}

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

V. SOft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 +3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 16. Explanation of geologic log.
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SITE: CALAVERAS RESERVOIR DATE: 1-30-91
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FINE GRAVELLLY SANDY LOAM, dk. brown (10YR 3/3), poorly 
sorted

narder

SANDY GRAVEL, v. hard

SANDY CLAY LOAM, brown (10YR 3/3) 

  GRAVELLY SANDY CLAY LOAM, v. poorly sorted

SANDY GRAVEL
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FINE GRAVELLY SAND, poorly sorted

SANDY LOAM, v. dense

GRAVELLY SAND

SANDY LOAM, v. dense

-.GRAVELLY SAND 

J^SANDY GRAVEL 

bANDY LOAM, some gravel

SANDY GRAVEL

Figure 17, Geoloric lor «f reaver** Reservoir borehole. Pa^e ; of 2
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SITE: CALAVERAS RESERVOIR DATE: 1-30-91
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17. (Continued). 29
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Calaveras Reservoir

Figure 18. Horizontal-component record section (from horizontal impacts in opposite 
directions) superimposed for identification of S-wave arrivals. Approximate S-wave picks 
are shown by the accent marks.
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Figure 19. Vertical-component record section. Approximate P-wave picks are shown 
by the solid circles.
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Figure 20. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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Figure 21. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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Figure 22. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

CHERRY PEAK QUADRANGLE
CALIFORNIA-SAN BENITO CO. 

7.5 MINUTE SERIES (TOPOGRAPHIC)

CALLENS RANCH
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Figure 23. Location map for Callens Ranch borehole. The borehole is located approx- 
imatelly 20 meters from the strong-motion accelerograph.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et al., 1972)

hard - hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacino

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948}

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 +3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

'CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 24. Explanation of geologic log.
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SITE: CALLENS RANCH DATE: 3-19-91

CD U.

LU 
_j
0. UJ 
S a. 
< >- 
CO H-

Oi i
X
Q_
< CO
QC O
CO _J

Q_
LU 
Q

LATITUDE: 36 40.390 
LONGITUDE: 121 11.725

DESCRIPTION

0
SANDY CLAY LOAM, dk. grayish brown (2.5Y 4/2)f-

2-

~10 3~ GRAVELLY SANDY LOAM, poorly sorted
4-

5~ LOAM-SAND, sand is v. fine to v. coarse size

20

______ 7H
o o o o

P°O:O -O°O:" 8~ SAND, with thin lenses of gravel
o o o

O o 0 o°o 0 ~30 " GRAVELLY v. coarse SAND, grayish brown
o o p. o

o o o 
o o o o.

~o*

SANDY GRAVEL

OQ'Op - 13_ GRAVEL, coarse

1A r^SILTY CLAY, olive (5Y 5/3)14-

"""olive brown (2.5Y 4/4)
-50

SILTY CLAY LOAM to SILT LOAM, v. dk. greenish gray (5GY 3/1)
17-\

-60

SILTY CLAY, v. dk. greenish gray (5GY 3/1), v. stiff
20-\

-70
22-

23-

-90

30-\
-100

Figme 25. Geologic log of Callens Ranch borehole. / of 2



SITE: CALLENS RANCH DATE: 3-19-91

CD LL.

LLJ
a. tu 
2 a.

CO H-

GRAPHIC 

LOG
X 
1  t _
a. -~ *£ 
UJ ^^ 
Q

LATITUDE: 36 40.390 

LONGITUDE: 121 11.725 

DESCRIPTION

<r\/n

> OQ OO

> OQ.O.O 
o o o
> Oo O.O 
o o o

O O

o o o
> O A O O

° 0° 0°
> OQ OO 
O O O

o Oo Oo
> OQ OQ 
0 0°.0° 
>_9._Q_OQ

B^

- _____

         

\\j\j
31-

'. 32~

33-

H10 
34-

35- 

36-
-120

38- 

39-

4t- 

42-

45-

47- 

48-

50- 

51-

H70 52.

53- 

54- 

H80 55-

" 57- 

H90 55- 

55-

6O-

L-200

GRAVEL, dk. greenish gray to grayish green, weakly to 
moderately cemented

SANDY GRAVEL, cemented

GRAVEL, with thin beds of clay 

"^SILTY CLAY 

~^5ANDY GRAVEL, cemented

MUDSTONE, firm (texture is siity clay) 

SILTY CLAY, dk. greenish gray (5BG 4/1), softer

5ILTY CLAY LOAM, dk. gray (5Y 4/1)

25. (Continued). 40 Page 2 of 2
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Callens Ranch

Figure 26. Horizontal-component record section (from horizontal impacts in opposite 
dkections) superimposed for identification of S-wave onset. Approximate S-wave picks are 
indicated by the accent marks.
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0
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P-WAVE 
Time (sec) 

0.05 0.1 0.15

Callens Ranch

Figure 27. P-wave record section. Approximate P-wave picks are shown by the dots.
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Callens Ranch

Figure 28. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hing-least-squares fit to the data.
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SANDY CLAY LOAM
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sorted
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-. coarse size 
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-M3RAVELLY v. coarse SAND 

\5ANDY GRAVEL, some coarse

SILTY CLAY, stiff to v. stiff

GRAVEL, weakly to moderately 
cementec1 

--SANDY GRAVEL, cemented

SANDY GRAVEL, cemented

MUDSTONE, firm (texture is silty 
clay)

SILTY CLAY, softer
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Q.
CD
Q

Callens Ranch

Figure 29. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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Figure 30. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

SAN FELIPE QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

HOLLISTER AIRPORT

SCALE 1:24000
o 1 MILE

1000 1000 2000 3000 4000 5000 6000 7000 FEET

1 KILOMETER

Figure 31. Location map for Hollister Airport borehole. The strong-motion accelero- 
graph is located within 20 meters of the borehole.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen *t al., 1972)

hard - hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et a)., 1972)

cm

0-1

1-5

5-30

30-100

>100

jn

0-1/2

1/2-2

2-12

12-36

>36

fracture soacino

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows /ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
O - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 32. Explanation of geologic log.
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SITE: HOLLISTER AIRPORT DATE: 3-25-91
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Figure 34. Horizontal-component record section (from horizontal impacts in opposite 
directions) superimposed for identification of S-wave onset. Approximate S-wave picks are 
indicated by the accent marks.
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Figure 35. Vertical-component record section. Approximate P-wave picks are shown 
by the solid circles.
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Figure 36. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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Figure 37. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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Figure 38. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

NILES, CALIF.
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Figure 39. Site location map for Sunol Fire Station borehole. The strong-motion 
accelerograph is located approximately 30 meters from the borehole.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et al.. 1972)

hard - hammer bounces off with solid sound   
firm   hammer dents with thud, pick point dents or

penetrates slightly 
soft   pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blpwsfft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger panicles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

/-    - -   y CLAY LOAM 

/SANDY CLAY 

/

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
O - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 40. Explanation of geologic logs.
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Figure 41. Geologic log of Sunol Fire Station borehole. Pa^e ' ° f '
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Figure 42. Horizontal-component record section (from horizontal impacts in opposite 
directions) superimposed for identification of S-wave onset. Approximate S-wave picks are 
indicated by the accent marks.
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Figure 43. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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Figure 44. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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Figure 45. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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Figure 46. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with, velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

BICKMORE CANYON QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

~«r^?'A
"C VX<??«M

WEBB RANCH

SCALE 1:24000 
o 1 MILE

1000 1000 2000 3000 4000 5000 6000 7000 FEET

1 KILOMETER

Figure 47. Location map for Webb Ranch borehole. The borehole is located approxi­ 
mately 30 meters from the strong-motion recorder.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen etai.. 1972)

hard - hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacino

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948}

blowsm.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

MKCINT UNO

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
O - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 48. Explanation of geologic log.
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SITE: WEBB RANCH DATE: 3-14-91

^S 
3§
00 LL.

SAMPLE 
TYPE

GRAPHIC 

LOG
I

0_ CT-p
UJ £: J5 
Q

LATITUDE: 36 31.880 

LONGITUDE: 121 08.618 

DESCRIPTION
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I
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1
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^50 15~
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-60 /5'
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'- 20-

-70 ^
o ^
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^° ;t
26-

H>°£
^3-

HOO t
J2-

^to JJ'
54-

J5-

H20 *
J5- 

JS-
-130 40_

41- 

42-

H40 43-
44- 

45-
-i^n ^

SANDY LOAM, dk. v. fine, grayish brown (10YR 3/2), occasionally 
fine gravel

fine GRAVEL to v. coarse SAND 

SANDY CLAY LOAM, dk. grayish brown (10YR 4/2)

SAND, gray (N5/), v. coarse, with interbeds of dk. gray (10YR 
4/1) fine SANDY CLAY LOAM

fine GRAVELLY SAND 

SANDY CLAY LOAM, v. dk. gray (N3/)

SAND

SANDY GRAVEL, siliceous mudstone, quartz 

SAND, v. dense or SANDSTONE, soft to firm 

occasional layers of gravel 

~>IUDSTONE (?), black (5Y 2.5/2) 

"^SANDSTONE, gray (N6/), v. coarse grained, some gravel layers

TRAVEL

SANDSTONE, gray, v. coarse grained 

SANDSTONE, coarse grained, some firm layers, v. hard

Ficure 49. Geologic, IOK of Webb Ranch borehole. -» -.  ,,.,. .  , ... age
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Figure 50. Horizontal-component record section (from horizontal impacts in opposite 
directions) superimposed for identification of S-wave onset. Approximate S-wave picks are 
indicated by the accent marks.
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Figure 51. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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Figure 52. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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Figure 53. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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Figure 54. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

CHERRY PEAK, CALIF.
NW/4 SAN BENITO 15' QUADRANGLE

WILLIAMS RANCH

SCALE 1:24000 
o 1 MILE

1 KILOMETER

Figure 55. Site location map for Williams Ranch borehole. The borehole is located 
approximately 10 meters from the strong-motion recorder.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et at., 1972)

hard - hammer bounces off with solid sound
firm   hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis­ 
integration of rock, deep and thorough dis­ 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948}

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

 £ *
MMCINT MNO

Color: Standard Munseii color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
O - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 56. Explanation of geologic log.
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SITE: WILLIAMS RANCH DATE: 3-12-91
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SANDY LOAM, v. fine to SANDY CLAY LOAM, v. fine 

SILTY CLAY LOAM, It. olive brown (2.5Y 5/4)

SAND, v. fine
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Figure 57. Geologic log of the Williams Ranch borehole.
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SITE: WILLIAMS RANCH DATE: 3-12-91
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Williams Ranch

Figure 58. Horizontal-component record section (from horizontal impacts in opposite 
directions) superimposed for identification of S-wave onset. Approximate S-wave picks are 
indicated by the accent marks.

83



P-WAVE 
Time (sec)

0.05 0.1 0.15
0

Williams Ranch

Figure 59. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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Figure 60. Time-depth graph of P-wave and S-wave picks. Line segments show the 
ninged-least-squares fit to the data points.
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Figure 61. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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Figure 62. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. Simplified geologic log is shown for correlation with velocities.
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